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A metered das* aerosol canister, equipped with a 
metering valve, containing a medicinal aerosol formulation 
suitable for inhalation comprising a therapeutically 
effective amount of a drug in suspension and a proellant 
selected from the group consisting of HFC 134a, HFC 227 and 
mixtures thereof, the formulation being further 
characterized in that it is free of surfactant , includes 5 
to IS percent ethanol , and aaid drug is albuterol sulfate. 
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SUSPEtfSIOH AEROSOL POBMUTATTOMg 
B&CKGROtnro OF THE IMVEfl^ Qy 

5 FjftU of the invrntiffiP 

This invent: ion relates to pharmaceutical 
aerosol formulations. In another aspect this invention 
relates to pharmaceutical suspension aerosol 
formulations wherein the pr ope 11 ant comprises HPC 134a 
10 or HFC 227. In another- aspeot, it relates to 
pharmaceutical suspension aerosol (armulationa 
containing pirbuterol. in another aepeot, it relates 
-to phanna.ceut.ical suspension aerosol formulations 
containing albuterol sulfate. 

is 

Description of the Relate? m 

Pharmaceutical suspension aerosol 

formulations currently use a mixture of liquid 

chlorofluorocarbone a? the propellant. 
20 Fluorotrichioromethane, diehlorodif luoromethane and 

dichlorotetraf luoroethane are the most commonly used 

prope Hants in aerosol formulations for administration 

by inhalation. 

cn lor of luorocarbons (cfcs) , however, have 
25 seen implicated in the destruction of the ozone layer 

and their production is being phased out. 

Bydrofluorocarbon 134a (HFC 134a, 

tetraf luoroethane) and hydrof luorocarbon 227 (HFC 227 , 
1, l,i,2 r 3,3,3-heptaf luoropropane) are viewed as being 

30 more ozone friendly than many chlorof luorocarbon 

propellents; furthermore, they have low toxicity and 
vapor pressures suitable for use in aerosols. 

Patent Applications WO 91/11495 and WO 
91/11496 (both by Weil} describe pharmaceutical 

35 suspension aerosol formulations comprising a medicinal 
agent, optionally a surfactant,, and a propellant 
mixture containing 1,1, l,2,3 r 3 ,3-heptaf luoropropane and 
one or more additional components, e.g., pentane. 
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butane, propellant 134a, propellant 11, propellant 125, 
or propellant 152a. 

European Patent office Publication o 384 371 
(H*l£jCel) describes solution aerosols in which 
5 i f i, 1,2,3 ,3,3-heptafluoropropana or its mixture with 
propane r butane, isobutenc, dimethyl ether , or 1,1- 
dif luoroethane serves as the propellent. The 
application 4oep not, however, disclose suspension 
aerosols or pharmaceutical aerosol formulation*. 
10 European Patent Application 89.31227D.5 

(Purewal et al.) discloses, inter alia,, aerosol 
formulations comprising a medicament, 1,1,1,2- 
fcetraf luoroethane, a aujrface aotive agent, and at least 
one compound having higher polarity than l , 1,1,2 - 
1 5 tetraf luoroethane . 

U.6* Pat. Wo. 2,668,691 (Porueh et al.J 
discloses aerosol formulations comprising- a medicament, 
a halogenated lower a Diana propellent, and a Ooeolvent 
which assists in dissolving the medicament in tho 
20 propellent. The chemical formula for the propellent 
given in col- 2, lines 6-16, genaric&lly embraces HFC 
134a and HFC 227. Examples or cosolvents disclosed 
include etbanol and diethyl ether. 

U*S. Pat. to. 3,Q14,844 (Thiel et al.) 
25 discloses aerosol formulations comprising a microniaed 
medicament, a haiogenated lover alkane propellent and a 
surface-active agent to assist in the suspension of the 
medicament in the propellant. The chemical formula for 
the propellant given in Col, 4, lines 17-38, 
30 generioally embracsE. HFC 134a and HFC 227. 

Patent Application WO 90/01454 CGreenleaf et 
al.) discloses aerosol compositions having HFC 134a as 
the propellant and comprising a medicament cpated with 
a non-perf luorinated surface active dispersing agent. 
35 This application describes control formulations 

containing only HPC 134a and 0.866 percent by weight of 
a drug. 
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Albuterol sulfate is a relatively selective 
beta- 2 adrenergic bronchodilator. it is available in a 
variety of dosage forms including tablets, syrups and 
formulations suitable for inhalation. For example, 
s ventolin™ inhalation Aerosol (commercially available 
from Allen & Hans bury s) is a metered dose aerosol unit 
containing a microcrystalline suspension of albuterol 
(free base) in propellent <a mixture of 

trichloromonof luorometheme and dichlorodif luoromethane) 
10 with oleic acid- VENTOLIN R0TOCAPS w for Inhalation 

(commercially available from Allen & Hansburys) contain 
a mixture or nicrofihe albuterol sulfate with lactose 
and are Intended for use with a specially designed 
device for inhaling powder, ventolin** Solution for 
15 Inhalation (commercially available fro* Allen fi 

Hansburys) is an aqueous solution of albuterol sulfate 
intended for use with a nebuliser* 

Pirbuterol acetate is a relatively selective 
beta-2 adrenergic bronchodilator. HAXAIR™ Inhaler 
ao (commercially available from 3M Pharmaceuticals, 

St- Paul, MM) is a metered dose aerosol unit containing 
a fine-particle suspension of pirbuterol acetate in the 
propellent mixture of trichloromonof luoromethane and 
diohlorodif luoromethane, with sorbitan trioleate* 

35 

SuTmary of tha Invntlnn 

This invention provides a pharmaceutical 
suspension formulation suitable for aerosol 
administration i consisting essentially of a 

30 therapeutically effective amount of a drug and a 

propellent selected from the group consisting of HFC 
134a, HFC 227, and a mixture thereof , said formulation 
being further characterised in that it exhibits 
substantially no growth In particle siae or change in 

35 crystal morphology of the drug over a prolonged period , 
is substantially and readily redispersible, and upon 
redispersion does not flocculate so quickly as to 
prevent reproducible dosing of the drug* 
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This invention also provider maroeoi 
canister containing a formulation as described above in 
an amount sufficient to provide a plurality or 
therapeutically effective doaes of th* drug* Also 
5 provided is a method of preparing a formulation as 
described above, comprising the step* of: (i) 
combining an amount of the drug sufficient to provide a 
plurality of therapeutically effective doses and a 
propellent selected from the group consisting of HfC 

io 134a, HFC 227 , and a mixture thereof, in an amount 
sufficient to propel from an aerosol canister a 
plurality of therapeutically effective doee* of the 
drug; and (ii) dispersing the drug in the propel lant. 
This invention further provides a method of treating a 

15 mammal having a condition capable of treatment by 
inhalation, comprising the step of administering by 
inhalation a formulation as described above to the 
feamraal * 

In another aspect , this invention provides 

20 suspension aerosol formulations comprising a 
therapeutically effective amount of micronized 
albuterol sulfate and HFC 227 *s substantially the only 
propel 1 ant. Shis invention also provides suspension 
aerosol formulations comprising a. therapeutically 

25 effective amount of micronized albuterol sulfate, from 
about o.i to about IS pwiant by weight of athanol, and 
HFC 227 as substantially the only propellent. This 
invention also provides suspension aerosol formulations 
comprising a therapeutically effective amount of 

3 0 micronized albuterol sulfate, from about 5 to 15 

percent by weight of ethanol, from about 0.05 to about 
0,5 percent by weight of a surfactant selected from the 
group consisting of oleic acid and eorbitan trioleate, 
and HFC 227 as substantially the only propellent. 

35 in another aspect this invention provides 

suspension aerosol formulations comprising a 
therapeutically effective amount of micranisted 
pirbuterol acetate and a propellent comprising HFC 227, 
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the formulation being further characterized in that ±t 
is substantial ly free of perfluorinated surfactant. 
This invention also provides suspension aerosol 
formulations comprising a therapeutically effective 
amount of micronizad pirbuterol acetate, about 0,1 to 
about 12 percent by weight of ethanol, and a propellent 
comprising HFC 337 - This invention also provides 
suspension aerosol formulations comprising a 
therapeutically effective amount of micron iced 
pirbuterol acetate, about 5 to about 12 percent by 
weight of ethanol, about 0,05 to about 0,5 percent by 
weight of oleic acid, and a propellant comprising HFC 
227. 

This invention also provides a method, for 
inducing bronchodilation in a mammal, comprising 
administering to the mammal a forauilation as described 
above by inhalation. 

Detailed Description of the invention 
20 The term "suspension aerosol formulation 1 * an 

used herein refers to a formulation in which the drug 
is in particulate form and is substantially insoluble 
in the propeiiant. 

Amount & expressed herein in terms of percent 
23 refer to percent by weight based on the total weight of 
the formulation. 

The formulations of the invention that 
consist essentially of drug and a propellent contain 
drug and propellent in relative amounts such that a 
30 formulation suitable for aerosol administration is 
obtained without the need for additional components. 
Such formulations preferably, contain less than an 
effective stabilizing amount of surfactant and more 
preferably are substantially free of surfactant and 
35 other components, 

The formulations of the invention contain a 
drug in a therapeutically effective amount, that 13, an 
amount such that the drug can be administered as an 
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aerosol (e.g. , topically or by oral or nasal 
inhalation) and caui* its desired therapeutic effect 
with one dose, or less preferably several doses, from a 
conventional valve, e.g., a metered dose valve. 
5 "Amount 11 as used herein refers to quantity or to 
concentration as appropriate to the context. The 
amount of a drug that constitutes a therapeutically 
effective amount varies according to factors such as 
the potency, efficacy, and the like, of the particular 

10 drug, on the route of administration of the 

formulation, and on the device used to administer the 
formulation. A therapeutically effective amount of a 
particular drug can he selected by those of ordinary 
skill in the art with due consideration of Buch 

15 factors. Particularly in formulations of the invention 
intended for oral inhalation into the Jungs* the drug 
is preferably micron i zed, i.e, , about so percent or 
more of the particles have a diameter of less than 
about io microns, in order to assure that the particles 

30 can be inhaled into the lungs. 

The particular amount of drug that will 
remain suspended in a formulation of the invention for 
a time sufficient to allow reproducible dosing of the 
drug depends to some extent on the nature of the 

25 particular drug r e.g., its density, and on the 
particular propellent used in the formulation* 
Generally, however, it has been found that when drug 
concentrations of less than about o.i percent are used 
in a formulation of the invention the drug flocculates 

30 to some degree but generally does not settle or cream 
to the extent that the suspension becomes unsuitable 
for use as an aerosol formulation, e.g., in a metered 
dose inhaler. Therefore as regards drug concentration 
such formulations are acceptably homogeneous. 

35 When drug concentrations greater than about 

O.l percent but less than about 0*6 percent are used in 
a formulation of the invention it is sometimes seen 
that the drug flocculates considerably in the 
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formulation and therefore might have an increased 
tendency to cream or settle. Ak discussed below in 
connection with the propellent component of the 
foymuUtions of the invention, in these instances it is 
5 preferable to select the propellent in a manner that 
minimize s creaming and settling of the drug in order to 
assure that the formulation is acceptably homogeneous 
as regards drug concentration. 

As drug concentration increases, e.g. , beyond 

10 about 0.5 percent, the tendency of the drug to 

flocculate generally increases also. However, the 
volume occupied by the f loooulated drug also increases 
end the flocculated drug begins to occupy eubstant telly 
all of the volume of the formulation, in such 

15 instances the flocculated drug often fihow& a leusor 
tendency to cream or settle. As regards drug 
concentration such formulations are acceptably 
homogeneous . 

Generally the concentration of the drug in a 

20 formulation of the invention is preferably less than 
about 0,1 percent* more preferably less than about o.os 
percent, and nost preferably less than about 0-05 
percent- Accordingly, it is preferred according to 
this invention that the drug have a potency such that 

25 concentrations less than about o.i percent, more 
preferably less than about o.os percant, end irons t 
preferably less than about o.os percent, are 
therapeutically effective. Preferred drugs* for use in 
the formulations of the invention therefore include 

30 formoterol, salmeterol, and pharmaoeutioally acceptable 
salts thereor, particularly formoterol fumarate. other 
drugs that can be formulated- according to this 
invention include albuterol, beclemethasone 
dipropionate , cromolyn, pirbuterol, and 

35 phdtnaoeutically acceptable salts and solvates thereof, 
particularly albuterol sulfate* disodium cromoglycata, 
and pirbuterol acetate. 
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The propellant in a formulation or tha 
invention can be HFC 134a, HFC 227, or a mixture 
thereof in any proportion. The propel Ian t is prutnt 
in an amount sufficient to propel a plurality of doses 
5 from a aetered dose inhaler. The density of kfc 134a 
differs from the density of HFC 237. Therefore the 
density of the propellant can be adjusted within limits 
by using mixtures of HFC 134a and HFC 227 in order to 
accommodate the density of the drug. It is sometimes 
10 preferred that the propellant be selected such that the 
propellant density is as closely matched as passible to 
the drug density in order to minimize tendencies for 
the drug to settle or cream, particularly when drug 
concentration is greater than D.i percent or when the 
is drug concentration is between about o.i percent and 
about o.5 percent. 

The pirbuterol acetate formulations of the 
invention contain a therapeutically effective amount of 
pirbuterol acetate. Preferably, the pirbuterol acetate 
20 constitutes about 0.4 to about 1,0 percent by weight, 
more preferably about 0.45 to about 0.9 percent by 
weight, of the aerosol formulation « Preferably the 
pirbuterol acetate is micron lied* 

Ethanol can optionally be included in a 
25 pirbuterol acetate aerosol formulation of the 

invention. When ethanol is present it constitutes from 
about o,i to about 12 percent by weight, preferably 
from about 5 to about 12 percent by weight of tho 
aerosol formulation. In another aspect of this 
30 invention ethanol preferably constitutes from about 2 
to about a percent by weight of the formulation. Oleic 
acid can optionally be included in a pirbuterol acetate 
formulation of the invention that includes ethanol. 
When oleic acid is present it constitutes about 0.01 to 
35 about 0.5 percent by Weight of the formulation. 

Typically the propellant constitutes the 
remainder of the weight of the formulation once the 
pirbuterol acetate and the optional ethanol and oleic 
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acid are accounted for. Accordingly the propel la nt is 
generally present In an amount of at least about 85 
percent by weight based on the total weight of the 
formulation* The propel lant in e pirbuterol gtoetate 
5 formulation of the invention comprise^ HFC 327, 
preferably as substantially the only propellent. 
HoWfivar, one or more, other propel lan t a such as 
propellent 142b (l-cMoro-l, 1-dif luoroethane) , HTC 
134a, and the like can be used, preferably in 
10 pirbuterol acetate formulations of the invention 
containing ethanol. 

Preferred pirbuterol acetate formulations of 
the invention exhibit substantially no growth in 
particle size or change in crystal morphology of the 
15 pirbuterol acetate over a prolonged period, are 
substantially and readily redispers ible , and upon 
redispersion do not flocculate so quickly as to prevent 
reproducible dosing of pirbuterol acetate. 

The albuterol sulfate formulations of the 
20 invention contain a therapeutically effective amount of 
micronised albuterol sulfate. Preferably micronized 
albuterol sulfate constitutes about o.3 to about 0*5 
percent by weight, more preferably from about 0*35 to 
about 0.42 percent by weight of the aerosol 
25 formulation. 

Ethanol can optionally be included in such an 
albuterol sulfate formulation of the invention. When 
ethanol is present it constitutes from about 0.1 to 
about 20 percent by weight, preferably from about 5 to 
30 about 15 percent- by weight of the formulation, a 

surfactant selected from the group consisting of oleic 
acid and sorbitan trioleate can also optionally be 
included in the formulation when the formulation also 
includes ethanol. When a surfactant is present it 
3 3 constitutes about Q.ot to about 0,5 percent by wight 
of the aerosol formulation. Albuterol sulfate 
formulations of the invention that do not contain 
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ethanol ore preferably substantially free of 
parfiuorinated surf art ant. 

Certain preferred albuterol sulfate 
suspension aerosol formulations of the invention 
5 comprise HFC 227 a* substantially the only propellant, 
Typically the propellant constitute* the remainder of 
the weight of the formulation once the albuterol 
sulfate and the optional surfactant and/or ethanol are 
accounted for. Accordingly the propellent is generally 
present in an amount of at least about 73 percent by 
weight based on the total weight of the formulation. 

Preferred albuterol sulfate formulations of 
the invention exhibit substantially no growth in 
particle size or change in crystal morphology of the 
15 albuterol sulfate over a prolonged period, are 

substantially and readily redispersible, and upon 
redispersion do not f loconiatc so quickly as to prevent 
reproducible dotting of albuterol sulfate. 

Generally the formulations of the invention 
ao can be prepared by combining (i) the drug in an amount 
sufficient to provide a plurality of therapeutically 
effective doses; and (ii> the propellent in an amount 
sufficient to propel a plurality of doses from an 
aerosol canister; and dispersing the drug in the 
25 propellant- The drug can be dispersed using a 

conventional mixer or bomogeniaser, by shaking, or by 
ultrasonic energy, uulx formulation can be transferred 
to smaller individual aerosol vials by using valve to 
valve transfer methods or by using conventional cold- 
30 fill methods. 

The pirbuterol acetate suspension aerosol 
formulations of this invention can h& prepared by 
combining the pirbuterol acetate and the propellant and 
then dispersing the pirbuterol acetate in the 
35 propellant using a conventional mixer or homogenize?. 
Pirbuterol acetate, however, is somewhat soluble in 
ethanol alone. Accordingly,, when oleic acid and/or 
ethanol are included in the formulation, it is 
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preferred that the pirbuterol acetate be first placed 
in an aerosol vial. A mixture of the propellent, oleic 
acid and/ or ethanol can then be added, and the 
pirbuterol acetate dispersed in the mixture. 
5 The albuterol sulfate suspension aerosol 

formulations of this invention can be prepared by 
combining the albuterol sulfate and the propel! ant and 
dispersing the albuterol sulfate in the propel lant 
using a conventional mixer or homogenizer . When a 

lo surfactant and /or ethanol are included in the 

formulation, they can be added to the propellant along 
with the albuterol sulfate. 

Aerosol canister* equipped with conventional 
valves, preferably metered dose valves, can be used to 

15 deliver the formulations of the invention. It has been 
found, however, that selection of appropriate valve 
assemblies for use vith aeroeol formulations is 
dependent upon the particular ear f accents or adjuvant a 
used {if any) , on the propellant, and on the particular 

ao drug being used- Conventional neoprena and buna valve 
rubbers used in metered dose valves for delivering 
conventional CFC formulations often have lees than 
optimal valve delivery characteristics and ease of 
operation vhen used vith formulations containing HFC 

25 134a or KFc 227. Moreover, conventional CFC 

formulations generally contain a surfactant in part as 
a lubricant for the valve stem. Some formulations of 
the invention, however, do not contain a surfactant or 
a lubricant. Therefore certain formulations of the 

30 invention are preferably dispensed via a valve assembly 
wherein the diaphragm is fashioned by extrusion, 
Injection molding or compress ion molding from a 
thermoplastic elastomeric material such as FLEXOMER™ 1 
DFDA 1137 NT7 polyolef in, FX4BXOMEB™ DFDA 1138 NT 

35 polyolef in, Fl^XoMEE* - DEFD a 92 3 NT polyolefin, 

FLEXOKER** 1 GERS 10S5 WT polyolef,in f FLEXOKEE™ DFDA 1163 
NT7 polyolef in, FJ-EXOKER™ 1491 HT7 polyolef in, 
n*EXQHEK w 302 0 NT? polyolef in, FLEXOMER*" 904 2 NT 



CA 02320129 20000920 



Expedit: ROBIC/BREVETS 4enie 



514 S45 9705; 



09/20/00 16:2B; JttBa_#71 6; Page 17/36 



WO 93/1 1747 PCT/US92/IW87 

- 12 - 

polyolaf in (Union Carbide) , C-FI^EX 1 " thermoplastic 
elastomer R70-001, c-tUBX™ thermoplastic elastomer R70- 
051, C-FLE3P* thermoplastic elastomer R70-041, C-FLEX" 
thermoplastic elastomer B7G-08S, C-TTi&C" thermoplastic 
5 elastomer R70-003, or C-FLEX™ thermoplastic elastomer 
R70-025 (Concept Polymer Technologies) , or a blend of 
two or more thereof. 

Conventional aeroaol canisters, e.g. , those 
of aluminum* glass, stainless steel, or polyethylene 

10 tor ephtha late , can he used to contain a formulation of 
the invention. 

The rormuiations of the invention can be 
da 11 voir ad -ho tfea lung by oral inhalation in order to 
effect kwrnnchodi lotion or in order to treat a condition 

is susceptible of treatment by inhalation. e*g. r asthma,, 
chronic obstructive pulmonary disease. The 
formulations of the invention can also be delivered by 
nasal inhalation in order to treat, e.g., allergic 
rhinitis, rhinitis, or diabetes , or they can be 

20 delivered via topical (e.g., buccal) administration in 
order to treat, e.g., angina or local infection. 

The following Examples ere provided to 
illustrate the invention. All parte and percentages 
are by weight unless otherwise indicated. 

25 

Example 1 
rormuiations in HFC 134a 
For each of the micron! zed drug eub&tanoee A— 
G set forth below, formulations were prepared at drug 
30 concentrations of 0.017 percent, 0-039 percent, 0-0B3 
percent, 0-41 percent , and 1*6 percent by weight based 
on the total weight of the formulation (corresponding 
to 0.20 mg/m£, o.so mg/ml,, 1,0 mg/mL, 5-0 mg/Kl, and 20 
mg/ml^ respectively) . The formulations were prepared 

35 by dioparsing microni^ad drug in HFC 134a in a sealed 
15 mil clear PET vial using ultrasonic energy * 
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Drugs i A Beclomethasone dipropionate 

B Albuterol 

C Albuterol sulfate 

D Formoterol fumarate 

5 £ Disodium or omog ly cate 

F Pirbuterol acetate 



For each drug the lowest concentration 
fomulation (O.017 pax-cant by weight:) was vail 

10 dispersed and easily rsdispersible after standing. 

Hone of the formulation* at this concentration showed 
any tendency to flocculate rapidly. As drug 
concentration increased to 0*41 percent visible floes 
started to appear, different drugs having a greater or 

15 lesser tendency to flocculate. The increase in 

f lobulation with increasing concentration resulted in 
an increasing rite of sedimentation or creaming 
(depending on the particular drug involved) of 
suspended drug. 

20 As drug concentration was further increased 

the formulations flocculated but maintained a state of 
greater homogeneity a.e the flocculated drug began to 
occupy pore of the formulation volume. 

using time lapse photography 10 and 30 

25 seconds after agitation the formulations wera assessed 
ac follows: 



Conantration f el pxug 

A B C D E F 

30 0.017 + + + + + + 

0.O3C + + + ? + + 

0.OB3 ? ? + 7 ? ? 

0-41 ? 

1.63 + + - + - + 

35 + - visually acceptable formulation 

- m visually unacceptable formulation 
? = border line acceptable formulation 
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These results show that ueh of the drug 
substances evaluated can be formulated in HFC 134 a 
alone. The formulations retain homogeneity after 
shaking to form »at is factory formulation* for use with 
5 a meter ad dose inhaler* Formulations of low 
concentration were particularly hamogenoua* 
Formulations of intermediate concentration were of 
varying degrees of acceptability. 

At the high concentration of 1.6 percent the 

ID drugs with density close to the propellent dancity 
(beclomethasone dipropionate and albuterol) formed 
particularly homogenous suspensions due to the 
flocculated drug occupying substantially all of the 
formulation volume. These suspensions would be 

is expected to form satisfactory formulations for use with 
a metered dose inhaler. 



EXaaplc a 
Formulations in hfc 227 
20 Formulations of dlcodium cromoglyoate (DSCG) 

were prepared at concentrations of 0.015 percent, 0*035 
percent r 0-07O percent, 0.35 percent , and 1.4 percent 
by weight baeed on the weight of the formulation with 
HFC 227 as the propeliant in a similar manner to those 
25 prepared in Example i (again corresponding to 0*20* 
0-50, 1.0, 5.o, and 20 mg/ml», respectively)* 

Formulations were particularly homogenous at 
concentrations of 0.015 percent, CD35 percent, and 
0-070 percent by weight. At 0.35 percent and 1.4 
30 percent the formulations exhibited more rapid 
flecculation and sedimentation. 

These results show that dlsodium cromoglycate 
oan be formulated in HFC 227 with no surfactant or 
other adjuvant. 
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^ofBrearativft TiynmpU 

Formulations with cfcs 
Albuterol sulfate vas formulated in two 
pxropell&htL mixes a and B, with no surfactant or 
5 adjuvant. 

Propel lant mix X: Pr ope 11 ant XI 5% 

Propellant 114 14.25% 
Propellent 12 80.79% 

10 

Propellant mix B: propellant 11 25% 
Propellant ij.4 2 St 

propellent is sot 



15 For each prop* 1 lan t mix the range of drug 

concentrations used in Example i was used. 

Tha formulations at 0*20 mg/mX r 0,50 my /mil*, 
and i.o mg/ml* warn acceptably homogenous. The 
formulations at 5.0 mg/mL and 20 mg/mL exhibited 

20 relatively rapid f locculation. Notably , all these 

comparative formulations exhibited more caking of drug 
on tha walls or the container than their HFC X34a 
counterparts of Exanpie l. 



25 BXMPla 3 

Formulation of Formoterol Fumarate vith Mixtures 
of HFC 227 and HFC 134a 

Formoterol fumarate was formulated as sat 

forth in Example 1 at concent rat ions of 0.015 percent, 
30 0.039 percent, 0.076 percent, o.3fi percent, and 1.5 
percent (0*20, 0 . 50 , A . -D , 5.0, end 20 mg/nl», 
respectively) in a HI mixture (w/W) of HFC 134a and 

JEFC 227. 

?hese formulations of f ormoterol fimarate 
35 show reduced f locculation and a ©lower sedimentation 
rate than the corresponding formulations of Example i 
above involving HFC 13.4a Alone. 
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The formulations were photographed using tine 
lapse photography at 10 and 30 seconds post agitation 
and were assessed as follows: 

5 PrVT Concentration m AaieaiMfit 

0.0X5 + 
0.038 ■+ 
0.076 ? 
0.3B ? 
10 1.5 ■+ 

These results show tnat the use of HFC 227 in 
combination with Hf c 13 4a as a propel ltot affpx-d? 
f oxmoterol fumarate suspensions with reduced 
is f locculation and greater homogeneity compared with 

oorreaponding formulations with HFC 13 4a alone «e the 
propellent. 



20 Formulation* of Beoiomethasane Dipropionate (BDP) 
BDP formulations were prepared at 0.070 
percent by weight (i.o mg/mL) in Hrc 227 and at G.38 
percent by weight (5-0 mg/miO in a in mixture of HFC 
227 and HFC 134a. 

25 The formulation at 0.07o percent in HFC 227 

was fairly well dispersed. P locculation occurred at 
about 10 seconds after shaking and then creaming about 
30 seconds after shaking * 

The formulation at 0.38 percent in HFC 

30 13 4a /HFC 227 involved a drug with a density closely 
matched to tna propellant density. Although 
f locculation was rapid (small floes were visible almost 
immediately after shaking) the floes neither settled 
nor creamed. 

35 The results chow that it is possible to 

density match the drug to the propellant &ix such that 
only tne f locculation characteristics of the 
formulations influence homogeneity* 
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salmaterol Formulations in HFC 13 4 a and HFC 227 

Formulations of salmeterol free base at 0.02 
percent by weight and o.os percent by weight v«re 
5 prepared in HFC 134a and in HFC 227 by placing the drug 
and 5 iL of glaas beads into a is an. glass vial, 
or imping on a continuous valve, and adding the 
appropriate amount of propellant. The formulations 
were shaken on a paint shaker for 10 min in order to 
10 dleper&e the drug. The drug was seen to cream in both 
propellants, more so in RFC 227 than in HFC 134a. 
Floccuiatioh was ai?ip apparent* However, the 
formulations were deemed suitable for use in connection 
with a metered dose inhaler. 

15 

Example 6 
Formoterol Pormilat ions in HFC 227 
A formulation containing 0.01 percent by 
weight of formoterol lunar ate in HFC 227 was prepared 

20 In an aerosol canister equipped with a 50 ml 

SPfcJtYMjsElP" pressure-fill metered dose valve. The 
formulation v&i prepared by plaoing 10 mg formoterol 
fumarate and 30 al of glass beads in a X20 mL (4 ounce) 
glass vial, crimping on oont iiuioixs valve, and adding 

25 100 g of HFC 227. *fha vial was then shaken on a paint 
shaker, chilled, and the contents transferred to 10 ml. 
vials fitted with the metered dose valve. The 
suspension was acceptably stable to settling and 
creaming- valve delivery was measured through the life 

30 of the formulations. The results are shown in the 
Table below. 

SHOT WDMBER (micr ograms per shofrj 
1=± SA=52 107-11O lfiO-lfi3 173^177 
35 vial fX 3 # 0 4-7 4.2 4.8 3.1 

vial #2 2.7 4,1 4.1 4.1 3.6 

vial #3 4.1 5*1 4.8 4.8 4.0 
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Formotarol Formulations in HFC 134a 
A formulation containing O-02 parcent by 
5 weight forwoteml {pwate in HFC 134a was prepared and 
tested using a 50 ^ SPRAYHI SER"" pressure- f ill metered 
dose valve. Test methods and results are set forth 
below. 

10 SUSPENSION AEROSOL SIZE ANALYSIS 

The particle size distribution of drug in the 
aerosol suspension is assayed by Kalvern Mestersizer*" 
Particle Size Analyser using a suspending medium of 
o.oi percent sorbitol! trioleate in heptane. 

15 Using a prised connector, shots are fired via 

an injection adapter into the Kalvern sample cell 
containing the suspending medium. When a suitable 
level of obscuration (in the range a, 5 - 9) ie 
achieved , analysis by laser diffraction is then 

2d performed. 

The results below show the percentage by 
weight of panicles having particle size below 10.7 pm, 
below 5,07 **a P and below 1*95 /in. The "Initial" 
entries represent the average of three independent 
25 determinations, and the n 25*0 n r "CYC", and "HHC 
entries represent a single determination after one 
month under the indicated storage conditions. 
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"nit 2 



Particle 

sist <m) *\q,7 5^o ? n.gs iin*i <=5.P7 <i.»5 



frersflnt fey v»iflht 



10 



Initial 99.6 93.4 32. a sa.o 92.6 30*5 
1 Month 99.8 93.6 36.3 99.9 94*8 31.7 



CYC 

16 1 Month 99.8 92.9 £6.1 99. 8 92.5 33.5 
HHC 

1 Month 99.8 93.1 33.5 99.7 92.4 34.9 



20 



25*Cl sample* atoped at 23«C 

cyc: samples cycled bttvttn 15 *C and 37 • C, one cycle 
3 5 per day, twelve hours at each temperature 

HHCi samples adored in a high humidity cabinet at 
approximately 40"C and. 85 percent relative 
humidity 

30 



VALVE DELIVERY 

35 This test is carried out. at 20 W C using 30 

individual canisters. Each canister is prim ad by 
firing 10 successive shots just prior to tha 
determination- The weight in mg of one shot from each 
of the 30 canisters is measured. The average weight of 

40 th* 30 doses Is calculated and recorded as the aean- 
Also shown below is the number of individual dose 
weights differing by more than 7.5 percent and by more 
than 15 percent from the mean weight. 



45 
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Mean Valve > 7.5* iron > 15% froa 

Delivery (Tfiq) mean mean 

59*1 O p 



S THROUGH LIFE DELIVERY 

Delivery of drug ax valve is determined by 
firing ten shots through a stainless steel, circular 
adapter boss under liijuid. The aerosol canister to be 
exanined Is primed prior to use. The canister is 
10 shaken and allowed to stand for 15 seconds between 
shots. The sample solutions are assayed by HPLC 

The above test was carried out on shots 6-15, 
46-55, and 91-10 0 of the canister, 
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shs&t 



A£r££ Si-iao 

initial 

5 tJnit 1 7-19 9,18 B.77 

Unit 5 6.55 9-20 4-1.77 

Unit 3 7.17 B.99 7*33 

1 ffanth, „,fiH.irJ 

10 Unit 1 9.09 9.09 8.47 

Unit 3 8.99 9.71 7.77 

Unit 1 8.58 7.86 6.82 

15 Unit 2 9.12 9.29 7.75 

i M PT ^h (ran 

Unit 1 6.93 7.98 7.76 

Unit 2 9.83 9.27 8.80 

20 



25»c: samples stored at 25 °c 

25 CYC: 



samples cycled between 15 *C and 37*C. one pyale 
per day, twelve hours at each temperature 

hhc: samples stored in a high humidity cabinet at 
approximately 40 *C and B5 percent relative 
30 humidity 



35 THIN STAGE IMPIHGER 

Glass impingor apparatus a (BF19B Appendix 
XVI lc) is used. To determine the deposition of the 
emitted dose, the apparatus is assembled as described. 
♦The oral adapter is attached to the throatpiece of the 
4 0 apparatus, and a suitable pimp is connected to the 
outlet of the apparatus. The air flow through the 
apparatus is 60 ± 5 liters per minute measured at the 
inlet of the throat. The canister to be examined is 
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primed prior to ust, shaken, and allowed to etand for 
15 seconds between shots. Ten snots are then fired via 
the adapter into the apparatus from the canister* 

The apparatus is then dismantled and each 
5 stage washed with the appropriate amount of methanol. 
The washings are assayed by HPLC to give the content of 
the drug found at each stage and also the material 
balance. 



10 



% Stem/ 

Adapter 

Initial 

unit 1 26 .0 
Unit 2 24-7 
Unit 3 2*, 5 



Material valve 
Balance Delivery 

— m aastx— 



37.5 
35.3 



36.5 
40.0 
34. B 



63.2 
81*0 

ao.s 



59. 9 
39. 7 
59.3 



30 



20 


Unit 1 


52.5 




Unit 2 


52.0 




1 Month 


fCYC). 




Unit i 


16*8 


25 


Unit 2 


24.6 




l Mont£ 


■imci, 



Unit 
Unit 



33, 
15. 



23.9 
16.7 



53.6 
47,6 



37.0 
60.4 



23.6 
31. 3 



29.7 
27.8 



29.0 
24.3 



25«C: 
35 CYC: 

KHC; 



80,5 
76.2 



70.9 
B2.6 



B2.2 
fil.4 



58. B 
52. D 



5V.B 
60.0 



59.6 
SO. 7 



samples stored at 25 "C 

samples cycled between 15 *C and 37 «C, one cycle 
per day, twelve hour* at each temperature 

samples stored in a nigti humidity cabinet at 
approximately 40*c and 85 percent relative 
humidity 
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A 1,35 g portion of micronis&d pirbuterol 
acetate, 15.0 g of athanol and 3D mL of glass beads 
5 vara placed in a 120 mL (4 ounce) glass aerosol vial. 
The vial vas sealed with a continuous valva, prtisurt 
filled with approximately 133 g of HFC 237 and then 
shaken on a paint shaker for 10 minutes. The resulting 
formulation contained g,9 percent by weight or 
10 pirtAitBrol acetate and 10-0 percent by weight of 
ethanoi. The dispersion was transferred into 10 mL 
aerosol vialp which were sealed with 23 jiL Spraymiser™ 
Aero&ol Valves (available from Neo technic Enginwring 
Ltd- ) - 

15 ThiB formulation was tested for its ability 

to deliver a consistent dose throughout the "life" of 
the aerosol by determining the amount of pirbuterol 
acetate delivered per shot for shots 1, 2, 101, 3.03, 
201/ 202, 3 Ol and 302. The amount delivered par shot 

20 vas determined using the assay described below. The 
results are shown in the table below, 

A firing- disk wee placed in a 100 nX bMfcer 
and submerged in about 30 mL of diluent (55 parts 
methanol/ 45 parts 0.1 percent phosphoric acid, v/v) . 

25 The vial was shaken, inserted into the firing disk* and 
actuated. The valve and valve stem were rinsed into the 
beaker with additional diluent. The solution in the 
beaker was quantitatively transferred to a 100 mL 
vpiumetrio flask which wee then brought to volume with 

30 additional diluent. The amount of pirbuterol acetate in 
the solution was determined using high ptrfannuioft 
licjuid chromatography. 
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jig Pirbuterol Acetate 


# of shots 


Vial 1 


ViBl 2 


vial 3 


1 


4X5.4 


379.3 


360. 1 


2 


378.7 


361.0 


322.1 


101 


404.0 


380.4 


374-7 


102 


352*0 


389 .1 


337.9 


2G1 


376.8 


3B0.6 


337-5 


202 


371*5 


357. a 


328. 6 


301 


288.2 


a OS. a 


361. 1 


302 


193.4 


364. S 


341.0 



A xi. 7 g portion of pirbuterol acetate nm 

15 placed in a beaker than chiliad in a dry 

iee/trichlorof luorome thane bath. A portion of 
px-eohilled HFC 327 was addad to th* b*AJc*r and th« 
resulting slurry was mi iced at high speed with a VIRTIST 
Model 43 mixer for at least 3 minutes. The dispersed 

20 oottcantrate was than transferred to a glass bottle and 
enough preohilled HFC 227 was added to bring the total 
net content weight to 1300 g. The resulting r emulation 
contained 0.9 percent by weight of pirbuterol acetate. 
The formulation wa» transferred to a cold filling 

25 system and filled into 10 nLL aluminum aerosol vials 
which were then sealed with 25 jiL> valves * The 
formulation was deemed to be suitable for use in 
connection with a -metered dose inhaler* 



30 Ey sample 40 

A 11 « 7 g portion of micronized pirbuterol 
acetate, 3.0 g of oleic acid and fiO g of athnnol vara 
placed in a beaker and homogenized for at least 3 
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minutes. The resulting Blurry was transferred to a 
tared glass bottle and enough ethane 1 was added to 
bring the total weight of the concentrate to 144*7 g. 
The concentrate was chilled than placed along with 1155 
5 g of prechilled HFC 227 into a prechilled cold filling 
system. The formulation was filled into io mL aluminum 
aerosol vials which were then sealed with 25 /il 
Spraymiser ra valves. The resulting formulation contained 
0.90 percent by weight of pirbuterol acetate, 0.23 
10 percent by weight of oleio aoid and 10*0 percent by 
weight of ethonol* She formulation was deemed to be 
suitable for use in connection with a metered dose 
inhaler. 

In E*Aiaples 11-12 below, respirable fraction 
15 is determined using the test method described below. 

Kcapirafrlfl Fraction 

In this essay the resplrable fraction (the 
percent by weight of particles having an aerodynamic 

20 particle alee of less than 4.7 microns) of the aerosol 
suspension is determined using an Anderson cascade 
Iwp&etor (available from Anderson Sampler inc, ; 
Atlanta , oa} . 

The aerosol vial to be tested is primed five 

25 times. The valva and valve stem are then cleaned with 
methanol and dried with compressed air. The aerosol 
vial and a clean, dry actuator are coupled to the glass 
throat attached to the top of the impact or using an 
appropriate firing adaptor. The calibrated vacuum pump 

30 (2B.3 li/min) attached to the cascade impactor is turned 
on* A total of 20 sprays is delivered into the cascade 
impactor by repeatedly shaking the vial, seating it in 
the actuator and immediately delivering a single spray. 
The time between sprays is approximately 3D seconds. 

35 Tho cascade impactor is disassembled and each component 
is rinsed separately with diluent (55 parts methanol 
mixed with 45 parts of 0*1 percent aqueous phosphoric 
acid, v/v) „ Each solution is analyzed for pirbuterol 
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acetate content using nigh performance liquid 
chromatography. The respirable fraction is calculated 
as follows: 

5 % respirable «= drug recovered rrnm P i a ^, x 100 

total drug - drug recovered frost 

recovered actuator and valve 

10 A a-33 g portion of micranised pirbuterol 

acetate ana 2b ml. of glass beads were placed in a 120 
ml* (4 ounce) glass aecopol vial. The vial was sealed 
with a continuous valve, pressure filled with 
approximately 150 g of fltyc 227 and then shaken for at 

is least 10 minutes on an automatic shaker. The resulting 
formulation contained 0.9 percent: by weight of 
pirbuterol acetate- The vial was then charged with 130 
psi nitrogen to aid in product transf er to smaller 
vials. The f emulation was transferred to 10 ■ 

20 aluminum aerosol vials sealed with continuous valves by 
using a valve to valve transfer button. The viaie were 
then chilled in dry ice then the continuous valves were 
removed and the vials healed with 25 pi* metering 
valves* Using the method described above, the 

25 respirable fraction was determined in duplicate for two 
separate vials* Values of 69.1 percent and 54.8 percent 
were obtained for vial 1* Values of 53.9 percent and 
49.3 percent were obtained far vial 2. 

30 Exanplft 12 

A 1,35 g portion of micronized pirbuterol 
acetate, 15. 0 g of ethanol and 25 mL of glass beads 
were placed in a 120 (4 ounce) glass aerosol vial. 
The vial was sealed with a continuous valve, pressure 
35 filled with approximately 134 g of HFC 227 and then 
shaken on an automatic shaker for at least 10 minutes. 
The resulting formulation contained 0.9 percent by 
weight of pirbuterol acetate and 10 percent by weight 
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Of ethanes Individual 10 mL aerosol viAls were filled 
and pealed with 25 jtl* metering valves using thus method 
described in Example 11. Using the tact method 
described above, the respirable Traction wax determined 
5 in duplicate for two separate vials. Values of 34.$ 
percent and 32.5 percent were obtained for vial 1. 
Values of 31.7 percent and 31.3 percent were obtained 
for vial 2, 

In Examples 13-14 below respirable fraction 
10 is determined using the test method described above but 
using a diluent of 45 parts by volume methanol and 55 
parts by volume of 0.1 percent aqueous phosphoric acid. 

Example -1? 

15 A D.60 g portion of mlcronifted albuterol 

sulfate and 25 ml* ox glass beads vera placed in a 120 
mL (4 ounce} glass aerosol vial. The vial was sealed 
with a continuous valve and then pressure filled with 
approximately 150 g of HFC 227 The vial was shaken to 

20 disperse the albuterol sulfate. The resulting 
formulation contained 0*4 percent by weight of 
albuterol sulfate* The formulation was transferred to 
10 mil aluminum aerosol vials sealed with continuous 
valves by using a valve to valve transfer button- The 

25 vials were chilled in dry ice then the continuous 

valves were removed and the vials were sealed with 25 
ML metering valves- Using the method described above, 
the respirable fraction was determined in duplicate for 
two separate vials. Values of 69.3 percent and 60.6 

3 0 percent were obtained for vial i„ Values of 64.0 
percent and 63. o percent were obtained for vial 2. 

Example 1* 

A 0*60 g portion of micron ised albuterol 
35 sulfate , o„75 g of oleics acid, 29.5 g o£ etihanol and 25 
mlr of glass beads were placed in a 120 (4 ounce) 
glass aerosol vial. The vial was sealed witb a 
continuous valve and then pressure filled with 
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approximately 126 g at HFC 227 The vial was shafcan to 
disperse the albuterol sulfate. The resulting 
f emulation contained 0.40 percent by weight of 
albuterol sulfate, OuSO percent by weight a f oleic acid 
5 and 15.0 percent by weight of ethanoi. Individual 
aerosol vials were filled and fitted with 25 ml 
metering valves using the method described in Example 
15. Using the test method described above, the 
recpirabje fraction was determined in duplicate for two 
10 separate vials, Values of 28.0 percent and 22-0 
peraent were obtained for vial i. Values of 27.1 
percent and 28.8 percent were obtained for vial 2. 

Evaarple IS 

A suspension aerosol formulation containing 
o.37 percent by weight or albuterol sulfate, 0.10 
peraent by weight of sarbitan trioleate (coroner a rally 
available under the trade designation span 83), 9.95 
percent by weight of ethanol and B9.se percent by 
weight of HFC 227 was prepared. The formulation was 
deemed to be suitable for use in connection with a 
metered dose Inhaler. 

Example 

A 4.5 g portion of ethanoi was placed in a 
135 tol, (4 ounce) glass aerosol vial. The vial was 
sealed with a continuous valve then pressure filled 
with 147 g of HFC 227. Portions (approximately 225 mg) 
of micronieed pirbuterol acetate were weighed into 6 
3 0 separate 13 wL glass aerosol vials. A 5 ml. portion of 
glass beads was added to each vial and the vials were 
sealed with continuous valves. Each vial was then 
pressure filled with approximately i9.a g of the 
ethanol/HFC 227 solution* The resulting formulation 
35 contained 3 percent by weight of ethanol and 0.9 

percent by weight or pirbuterol acetate. The vials were 
then shaXen in a paint shaker lor 15 minutes. The vials 
were cooled in dry ice, the continuous valves were 
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removed and the contents poured into separate 15 mL 
aluminum aerosol vials. The aluminum vials were sealed 
with 25 filt valves equipped with diaphragms fabricated 
from c-Flix R-70-051 and tanXs seals fabricated from 
5 DB218. Using th» test method described above, the 
respirable fraction was determined for two separate 
vials. Values of 59.8% and 52.8% were obtained, using 
the test method described above, the ability of the 
formulation to deliver a consistent dose throughout the 
10 "life" of the aerosol vas determined. The results are 
shown in the table below, tthe values are the average 
for the indicated shots. 



Pirbuteroi Acetate/ ehot 


Shot f 


Vial 1 


Vial 2 


1 & 2 




304.6 


101 * 102 


197.1 


329 + 9 


201 & 202 


294.9 


47B.1 


301 t 302 


205.8 


294,1 


401 & 402 


269.6 


350-3 



B™mle 17 

Using the general method or Example 16, 6 
25 vials of a formulation containing a percent by weight 
of ethanol and 0.9 percent by weight of pirbuterol 
acetate were prepared. Using the method described 
above, the respirabl© fraction v^s determined for two 
separate vials. Values of 48.2% and 4^.3* were 
30 obtained. Using the method described above, the ability 
of the formulation to deliver a consistent dose 
throughout -the "life" of the aeroeol was determined. 
The results are shown in the Table below. 
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fig Pirbut.erol Ace tat a/ chert: 



1 Shot 0 


Vial 1 


Vl&l 2 


1 1 « 2 


263 ,9 




|| 101 £ 102 


283.5 


325. 4 


| 201 & 202 


300.6 


367.2 


H 301 £ 303 


330*7 


306*6 


1 401 & 402 


312.8 


270,3 
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WHAT 13 CLAIMED 15. 



1. 



A metered dose aerosol canister, equipped 



with a metering valve, containing a medicinal aerosol 
t brwulation suitable for inhalation comprising a 
therapeutically effective amount of a dru^ in suspension 
and a proellant selected from the group consisting of HFC 
134a, hfc 327 and mixtures thereof, the formulation being 
furthar characterized in that it is free of surfactant, 
includes 5 to 15 percent ethanol, and said drug is 
albuterol gult^te. 



; 




16M8 j^S 14 845 B7D5 



irece i v»d 



CA 02320129 20000920 



